Horizontal starch gel electrophoresis was used to analyze muscle tissue for the variation in 11 en zymes at 17 allozymic loci in three proposed species of the genus Scylla: S. serrata, S. tranquebarica, and S. oceanica. Seven loci were polymorphic at the 17 loci, and at three loci, EST*, LAP-2*, and SOD* gene replacement occurred. The average genetic distances between S. serrata and S. tranquebari ca, S. tranquebarica and S. oceanica, and S. serrata and S. oceanica were 0.059, 0.126, and 0.187 respec tively, with the relationship between S. serrata and S. tranquebarica being relatively similar. The genet ic distances between local populations were very small (0-0.003) within the respective species. The gene replacement at the three loci and the genetic distances between species suggest that the genus Scylla in cludes at least three species.
In recent years, stock enhancement of the mud crab has been carried out in Japan, Taiwan, and the Philipp ines. 3.4,13) In Japan , seed production is performed using three morphologically distinguishable species, S. serrata, S. tran quebarica, and S. oceanica.4,131 If these species are in fact geIt has been recognized that the genus Scylla includes only one species, however some researchers have reported that the genus Scylla includes several species.61 Estam ador7) classified the mud crab into three species and one variety, S. serrata (Forskal), S. oceanica (Dana), S. tran quebarica (Fabricious), and S. serrata var. paramamosain using specimens collected in the Philippines based on exter nal morphology (color of carapace and legs, anterolateral teeth of carapace, and outer spines of cheliped carpus, etc.) and gametogenesis. erene8) also recognized the exis tence of the four forms in Vietnam in accordance with Es tampador's report. However, Stephenson and9Campbell9) regarded the four forms as only one species using samples collected from Queensland and New South Wales, and sug gested that the morphological differences were produced by environmental differences. Subsequently, Ong10) in Malaysia and Joel and Raj 11) from India noted differences in forms between specimens, and also Oshiro4) recognized at least three species based on specimens from Japan. Sugimoto12) in Japan investigated by allozyme analysis whether distinguishable species of Scylla occur as accord ing to Estampador7) using specimens collected in Japan and showed that S. serrata is distinguishable from the other two species. The survey was, however, carried out us ing few specimens in a limited locality, so the results of the experiment were insufficient to discuss the species of the mud crabs around the world. netically different, it is recommended the resource manage ment is performed for each individual species. However, the genus Scylla is still not classified clearly.
Genetic information is essential to identify the three spe cies of the mud crab genus Scylla. We collected samples from several countries over its geographical range and iden tified the three species as well as local variations within each species by electrophoretic analysis of the allozymes.
Materials and Methods
A total of 342 crabs was collected from seven localities, Lake Hamana and Okinawa in Japan, Bali and Cilacap in Indonesia, Chanthaburi and Surat Thani in Thailand, and Madagascar from June 1994 to May 1995 ( Fig. 1 , Table 1 ). The crabs were initially classified into three species, S. ser rata, S. tranquebarica and S. oceanica according to Estam pador.7) The samples were brought from each site alive ex cept for the crabs of Madagascar to the laboratory of the 
Results
The eleven enzymes coded by 17 loci were resolved in all samples and seven loci, AAT-2*, EST*, GPI*, LAP-2*, MDH-2*, PGDH*, and SOD* exhibited polymorphism (Table 3) .
Each population had variable values of mean heter ozygosity ( Table 3 ). The value of the expected heter ozygosity of all collected samples was 0.1078 which indicat ed a high genetic diversity. The expected heterozygosity for each species was 0.049 for S. serrata, 0.014 for S. tran quebarica, and 0.004 for S. oceanica. The genetic diversity of S. serrata was highest among the three species and lowest for S. oceanica (Table 3) .
Polymorphisms were observed at four loci, AAT-2*, GPI *, MDH-2*, and PGDH*. At polymorphic loci the X2 test for the Hardy-Weinberg equilibrium could not be per formed, because the expected values of the genotype fre quency were smaller than five.
Gene replacement was found at three loci EST*, LAP -2*, and SOD* (Fig. 2, Table 3 ). At the EST* locus S. serra ta had only the genotype *a/a (allele *a), and S. tranque barica and S. oceanica had only the genotype *b/b (allele *b) . At LAP-2* and SOD* loci, S. oceanica had only the genotype *a/a (allele *a), and S. tranquebarica and S. ser rata had only the genotype *b/b (allele *b). We could not find any heterozygotes, genotype *a/ b at these loci (Fig. 2 ). Nei's genetic distances between S. serrata and S. tranque barica averaged 0.059, 0.126 between S. tranquebarica and S. oceanica, and 0.187 between S. serrata and S. oceanica, not including the Bali population of S. tranquebarica and Cilacap population of S. oceanica because their sample sizes were very small (Table 4 , Fig. 3 ). Genetic differences among populations in each species were not observed be cause the values of genetic distances were low (Table 4 , Fig. 3 ).
Discussion
In the previous studies some taxonomists have examined the genus Scylla to classify it into several species.7-11) These taxonomical problems remained unsolved until we defined these three species by protein electrophoresis.
The gene replacements found at 3 of the 17 loci and the relatively large genetic distances between the species show the exis tence of at least three species in the genus Scylla. The three species morphometrically classified by Estampador7) agree well with the genetic results obtained in this study. The genetic analysis shows that S. serrata and S. tranquebarica are more closely related than S. oceanica (Fig. 3) . The mean heterozygosity of the genus Scylla (the whole population) is 0.108 (Table 3) (Table 3 ). The genetic variability of S. serrata is higher than that of S. oceanica. Sugimoto"1 examined samples from Okinawa and Kochi in Japan, and an unknown country to classify the genus Scylla into three species as proposed by Estampador.7) He found 16 loci including six polymorphism and gene replace ments at the three loci AAT*, EST-1*, and MPI*, and concluded that there are genetic differences between S. ser rata and the other species. However, his results are not ac ceptable to our study, since the number of specimens exam ined by Sugimoto12) was only one in S. serrata.
Using gene replacement at the three loci, we can distin guish the three species. For example, S. serrata has the *a/ a genotype only although S. tranquebarica and S. oceanica have the *b/b genotype at the EST* locus (Fig. 2) . This means that we can distinguish S. serrata from S. tranque barica and S. oceanica. Further, by examining the LAP-2* (or SOD*) locus we can distinguish S. oceanica from S. ser rata and S. tranquebarica because S. oceanica has the *a/a genotype only although S. tranquebarica and S. serrata have the *b/b genotype (Fig. 2) .
Having resolved the genetic difference between the three species clearly, this information needs to be used to manage the stocks separately.
